














Correlation analysis of  
subcellular ATP dynamics and  



























  (3) 
 主 論 文 要 旨 No.1     
報告番号 甲 乙 第      号 氏 名 鈴木 李夏 
 
主 論 文 題 名： 











































 No.      
Registration 
Number 
□ “KOU”   □ “OTSU” 
No.        *Office use only 
Name Rika Suzuki 
Thesis Title 




Cells take appropriate morphology according to its functions.  Their morphology is unstable, and 
always changing depends on their surrounding conditions.  Adenosine triphosphate (ATP) is suggested 
to be related to this process, however, their relationships under physiological conditions are still unclear 
because most of previous insights were derived from extreme ATP reduction.  Moreover, although 
spatial heterogeneity in activities of cellular morphological changes requires high-spatiotemporal ATP 
analysis, only a few works reported such analysis so far.  This thesis have succeeded to visualize 
relationship between local morphological change and fluctuation of ATP levels under physiological 
conditions, due to highly useful analytical methods: image processing to quantify signals 
spatiotemporally and correlation analysis to evaluate relationships between the signals. 
 
Chapter 1 remarks that unresolved problems in analysis of the correlation mentioned above: i) under 
physiological condition and ii) subcellular ATP quantification.  A genetic ATP sensor recently developed 
was took up and described as one capable method for such observation.  Then, some previous works 
demonstrating usefulness of image processing and correlation analysis for such quantification were 
cited to describe the objects in the thesis: to show physiological and local ATP-morphological correlation 
via combination of simultaneous imaging and such analytical approaches. 
 
In chapter 2, edges of HeLa cells consisted from two distinctive structures were focused on.  The 
morphology of the inner structure changed after microtubule influx to the local region under physiological 
conditions, and this accompanied an ATP increase.  The fluctuation of ATP and morphological changes 
of outer structure were also visualized.  Comparison of the transient patterns between physiological 
conditions and cytoskeletal-inhibited conditions suggested that two typical cytoskeleton, actin and 
microtubule, are related with local ATP fluctuation, respectively. 
 
In chapter 3, neuronal extension and dynamics of mitochondria, energy plants of cells, were analyzed 
simultaneously under physiological conditions.  Neuronal structure growth cones (GCs) were focused 
on because they are related to neuronal extension.  In GCs, mitochondrial density and integrated 
mitochondrial ATP levels were higher compare to ones in neuronal process.  The integrated ATP 
signals positively correlated with elongated distance of neurites, and the importance of mitochondrial 
ATP within GC for neurite elongation was indicated. 
 
Chapter 4 summarizes the outcomes of this thesis, and the prospects of these approaches for future 
biological research were discussed. 
